of both patient and caregiver factors predictive of attrition is of particular interest for the development and targeting of attrition prevention strategies. In patients with chronic diseases, particular attention should be paid to caregiver wellbeing to limit attrition.
Introduction
Prognosis studies provide useful insights into the natural history of a disorder, as well as examining associations between risk factors and health outcomes in patient populations. However, the quality of the results of such studies may be jeopardized by various types of bias, including attrition [1] . Attrition, defined as premature study dropout during follow-up, is a frequently observed phenomenon which can threaten the validity of results in longitudinal studies, regardless of the study population involved. Attrition systematically reduces statistical power by reducing the size of the study population, and it can introduce bias if dropouts differ from subjects remaining in the study [2] . It is important to identify factors associated with attrition so that subjects at high risk of attrition can be identified and targeted in order to limit the impact of this phenomenon. The analysis of factors associated with attrition can also help to determine whether the attrition is selective, and whether it affects the generalizability of findings [3] .
There are several types of attrition, including death, refusal, contact failure and inability to respond. In elderly populations, death may be an important source of attrition [3, 4] . Attrition rates may vary across different studies involving elderly participants according to the chosen definition of attrition, as well as design (observational or interventional study, length of follow-up, frequency and type of study contacts, use of attrition prevention strategies such as tracking or bonding) or participant (age, comorbidities, frailty, autonomy) characteristics [5, 6] .
There may be a particularly high risk of attrition in cohorts of elderly subjects with cognitive impairment, such as mild cognitive impairment or Alzheimer disease (AD), as has been observed in randomized controlled trials: for example, 20-30% after 6 months to 1 year of follow-up [6] . There is less data available regarding attrition in long-term longitudinal studies of AD patients [7] [8] [9] .
Attrition in research involving cognitively impaired elderly patients may be particularly affected by death, refusals to participate (by the patient and/or his or her family) and loss of autonomy. Furthermore, the follow-up of elderly subjects with AD may also require the active participation of a caregiver, for example to accompany the participant to study visits, or to carry out assessments of the participant.
Very few studies have specifically examined factors associated with attrition in elderly cognitively impaired subjects [10, 11] , and caregiver-related factors have never been assessed.
The main objective of this study was to identify and describe both patient-and caregiver-related factors associated with attrition in a cohort of elderly patients with AD after 2 years of follow-up. Our hypothesis was that caregivers may be an independent source of attrition.
Population and Methods
The REAL.FR study is a multicenter prospective study of AD patients which began in 2000, with the objectives of studying the natural history of AD and its management. A detailed protocol of the study has been published elsewhere [12] . This study was approved by the Institutional Review Boards of each participating university.
Briefly, REAL.FR was carried out in 16 university hospitals in France. The study population consisted of ambulatory community dwelling AD patients enrolled during a hospital consultation. At the time of enrolment, subjects met DSM-IV and NINCDS-ADRDA (National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer Disease and Related Association) criteria for AD [13, 14] , and presented a Mini Mental State Examination (MMSE) [15] score between 10 and 26. All patients were required to be looked after by an informal caregiver.
At inclusion and twice yearly, patients underwent a standardized gerontological evaluation (MMSE [15] , Alzheimer's Disease Assessment Scale-cognitive subscale [16] , Clinical Dementia Rating [17] , Activities of Daily Living (ADL) [18] , Instrumental Activities of Daily Living [19] , Neuropsychiatric Inventory (NPI) [20] , and Mini Nutritional Assessment (MNA) [21] ). Socioeconomic data were also collected. Furthermore, the caregiver-patient relationship and the level of caregiver burden, assessed using the Zarit Burden Interview [22] , were recorded. This scale uses 22 items evaluated on a 5-point Likert scale. Scores range from 0 to 88, with a score greater than 20 representing some level of burden. Events such as hospitalization, institutionalization, and treatment changes were noted. Date of death or admission to a nursing home was obtained from the caregiver, a family member or some other qualified informant.
Subjects who missed follow-up visits were contacted by telephone, and mail if necessary, in order to determine the reason for nonattendance ( fig. 1 ). In the case of refusal, a second visit was offered to the caregiver, with or without the patient, and if this was not possible or was refused, a short questionnaire was administered by telephone or at the patient's/caregiver's home to assess the patient's status [mobility, autonomy, cognitive functions, occurrence of medical event(s), change in the patient's entourage and cholinesterase inhibitor (ChEI) use]. For real losses to followup, the general practitioner and the second caregiver were telephoned in order to obtain data regarding the patient.
Causes of attrition were classified as follows: patient or family/ caregiver refusal, death, institutionalization if it prevented the patient from attending study visits, difficult to locate (i.e. lost to follow-up), other (relocation, patient medical problems, worsened health preventing continued participation, caregiver problems, transfer to another study center, others).
Attrition was considered as a binary dependent variable. The outcome 'length of follow-up/time to dropout' was documented for each subject, and defined as the difference between the date of inclusion and the censored date (attrition whatever its cause or final 2-year endpoint).
In the statistical analysis of the study population at inclusion, mean values 8 standard deviation (SD) and proportions were used to describe quantitative and qualitative variables, respectively. A survival analysis was performed to identify baseline factors associated with the time of dropout, using relative hazard ratios and 95% confidence intervals (CI). The time variable was the duration of follow-up, with attrition considered as failure. Each variable was tested using log-rank tests. A multivariate analysis was then performed using a statistical significance level ! 0.25 in the bivariate survival analysis. A Cox proportional hazard model was also used, with adjustment for the center (nonproportionality stratification [23] ), and backward stepwise regression. Tests based on interaction with time were used to assert the proportional hazards assumption. Statistical interactions were verified. p values were based on two-sided tests and considered statistically significant if p ! 0.05.
All analyses were performed using SAS software (version 9.1, SAS institute Inc., Cary, N.C., USA).
Results
A total of 686 patients were included in the REAL.FR study between 2000 and 2002, and followed for an average of 2 years (954.34 person-years, median duration of follow-up 651 days). The demographic and biological characteristics of the patients at baseline are summarized in table 1 . At inclusion, the patients, who were mostly recruited from geriatric departments (83.4%), were aged 77.9 8 7 years. Although they had been diagnosed with AD for a mean of 13.2 8 13.4 months (mean age at diagnosis 76.8 8 7 years), many patients were still at a stage of moderate cognitive impairment, with 54% completely independent for basic activities of daily living (ADL score). 87.6% had at least one behavioral disturbance according to the NPI.
The proportion of patients with 2 or more comorbidities was 40.7%. The mean MNA score was 24 8 3, and one third of the patients were at risk of malnutrition (MNA ^ 23.5). Following the baseline visit, 89% (n = 611) of patients in the cohort were treated with a ChEI (87.6% were treated before this visit, and 76 patients were prescribed a ChEI for the first time during this visit). Although all patients were required to have an informal (i.e. nonprofessional) caregiver, more than a quarter lived alone, regardless of dementia severity. 60% of patients had a female caregiver, most often the wife or daughter. At inclusion, the mean caregiver score on the Zarit scale was 22.6 8 16, and 50% of caregivers reported some degree of burden (Zarit 1 20) . At this early stage of the disease, the level of health care support remained low: 20% of patients had nursing help, either at home or in a private practice, 44% had a home-help, and only 2% used day care facilities.
Of the 686 patients, 278 had dropped out by 2 years of follow-up, representing 40.5% of the initial cohort ( fig. 2 ) and an incidence rate of 29.13/100 person years (95% CI: 25.70-32.56). The frequency of dropouts between each wave (percentage of the remaining patients at the beginning of each wave) was constant at around 12%, giving a cumulative rate of attrition of 12.4, 23, 32.2 and 40.5% at 6, 12, 18, and 24 months, respectively.
The reasons for dropout were refusal (n = 58; 20.86%), death (n = 56; 20.14%), nursing home placement (n = 55; 19.78%), lost to follow-up (n = 55; 19.78%), moved house (n = 15; 5.4%), medical problem (n = 14; 5%), caregiver problem (n = 7; 2.5%), follow-up in another center (n = 6; 2.16%), and other causes (n = 12; 4.3%). Due to the small sample size, the last five causes were merged together in 'other causes' (n = 54; 19.42%).
Over the course of the study, the proportion of dropouts due to death and institutionalization tended to increase, the proportions of dropouts due to refusals and losses to follow-up appeared to be greatest in the first waves, and the proportion of patients dropping out due to other reasons remained relatively stable ( fig. 3 ).
In the bivariate survival analysis, patient age was the only sociodemographic factor associated with an increased risk of attrition ( table 2 ) . In addition, patients with a history of cardiac problems, poorer nutritional status, and increasing cognitive or functional decline were at greater risk of dropping out of the study ( table 3 ) . Of the behavioral disturbances evaluated by the NPI, only hallucinations were found to be significantly associated with attrition.
Conversely, patients who were diagnosed with AD between 6 and 24 months ago were less likely to drop out than those diagnosed less than 3 months ago, as were those using a ChEI treatment or those using one to three other types of medication (as compared to no other types of medication). Caregiver status combined with living arrangements, and level of caregiver burden were also associated with higher attrition rates, while patients with a male caregiver were less likely to drop out of the study ( table 4 ) . 597 patients were included in the multivariate analysis, including 249 dropouts and the 348 remaining patients ( table 5 ) .
After adjustment for all variables found to be significant in the bivariate analysis, several independent factors remained associated with attrition: (i) AD patients cared for by an unrelated caregiver, i.e. not a spouse or child 
Discussion
The aim of this study was to describe the level and causes of attrition after 2 years of follow-up in an AD longitudinal study. The attrition rate at 2 years was 41%. Each cause of attrition (death, refusal, institutionalization, loss to follow-up, others) accounted for around 20%, although the percentage of attrition attributable to each cause varied over time. The perceived burden of study visits may have discouraged certain patients from taking part, but those that were enrolled may have been more compliant, because this study was carried out in expert centers belonging to the national network of AD centers. In addition, the tracking methods used ( fig. 1 ) may have limited the level of attrition.
The frequency of attrition in this study remained stable over time, at approximately 12% per 6-month wave. This corresponds with the findings in some longitudinal studies of the elderly [24, 25] , but is lower than others [26] .
In the literature, there are relatively few longitudinal cohorts made up entirely of patients with AD or other forms of dementia. It is difficult to compare the rate of attrition in REAL.FR with all other AD longitudinal studies due to methodological differences, for example the definition of attrition and the study population, and the length of follow-up.
Of the three studies -LASER-AD [9] , PREDICTORS study [7] , Starkstein et al. [11] -that included death as a cause of attrition, the attrition rate appears to be lower than that observed in our study. In the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) cohort, an attrition rate, excluding deaths, of 10.5% was observed amongst 978 AD patients and 466 controls (often a spouse of the AD patient) in the first year of followup [10] . This rate is lower than the 19% observed after 1 year excluding death in REAL.FR, but the CERAD rate also includes control subjects.
The attrition rate in REAL.FR appears to be relatively high as compared to these other AD cohorts. This could be explained by methodological differences, for example, inclusion criteria concerning the severity of the disease [6] . In REAL.FR, death accounted for a smaller proportion of attrition than in other studies, indicating that other causes, such as loss of contact, institutionalization and medical problems were more prominent.
There are no guidelines regarding an acceptable level of attrition for longitudinal studies. Some authors have The following variables were also introduced into initial models, but did not remain in the final model: MMSE, time elapsed since diagnosis, history of cardiac problems, CDR score, patient age, MNA, number of IADL limitations and hallucinations on NPI scale. 1 At end of baseline visit. suggested that in randomized controlled trials, a loss to follow-up of 5% or less may be of little concern, but that losses of 20% or more may introduce considerable bias [27] . However, it may be unwise to set an explicit value to assess the risk for bias because the type of missing data must also be taken into account [28] . In practice, the occurrence of missing data is generally not random. Instead it is important to consider overlapping methodological issues and the direction of the potential bias on a case-bycase basis, and to determine whether or not dropout is associated with outcome (i.e. whether or not it is random) [29] . Studies of factors associated with attrition in AD cohorts have mainly been based on unadjusted analyses. Certain factors have been suggested, such as age, race, MMSE score, apathy, level of education, and type of dementia diagnosis [10, 11, 30] , but results are inconsistent across studies The findings of our study are in accordance with those reported in unadjusted analyses in the literature regarding population-based studies of elderly people for the role of age, and level of cognitive impairment [4] .
In our multivariate analysis, patients with at least one limitation on the ADL scale had a risk of attrition that was 1.37 times higher than that of subjects with no limitations. Functional impairment may be a more important indicator of attrition than cognitive impairment. It may be more difficult for a caregiver to ensure attendance at study visits if the patient has functional impairment compared to cognitive impairment, as functional impairment may bring about more practical problems that the caregiver may have difficulties in overcoming.
Patients not using a ChEI were 2.5 times more likely to drop out than treated patients. The REAL.FR cohort was established in 2000, meaning that a high proportion of subjects (89% including those who were prescribed a ChEI during the baseline visit) were treated with ChEIs. The efficacy of ChEIs has been demonstrated for mild to moderate AD patients [31] , so it is probable that treated patients are more likely to attend consultations in order to receive their medication, demonstrating a 'protective' effect of ChEI use on attrition.
An explanation for the non-use of ChEIs, apart from contraindications, could be that certain patients or their caregivers may refuse this type of treatment, perhaps because they have difficulties in accepting the pathology and in receiving medical care or advice. Such patients may therefore be less likely to remain in the study. Patients who were non-users of ChEIs at baseline may have previously been prescribed this medication and discontinued use because adverse drug reaction, which may affect the patients' or caregiver's confidence in the medical care being received, thus making them more likely to drop out of the study.
Patients using one to three types of medication other than ChEIs were found to be 1.75 times less likely to drop out of the study than those taking no other types of medication. The use of several types of medication may indicate that such patients are likely to receive increased medical care and attention, and we hypothesize they may present an increased compliance in medication use as well as in the study.
The remaining factors concern caregiver characteristics. Firstly, patients looked after by an unrelated caregiver (i.e. not a spouse or son/daughter) were found to be 1.7 times more likely to drop out of the study than those cared for by their spouse. This finding is in accordance with the results reported by Koss et al. [10] , who noted that patients whose spouse was also included in the study (in their case as a control) were less likely to drop out than patients who did not have a spouse taking part.
We found that an increase of 1 point on the Zarit burden scale was associated with a 1.4% increase in the risk of attrition. To our knowledge, caregiver burden has never been examined as a determinant of attrition in studies of AD patients, although it has been found to be associated with institutionalization [32] .
It is therefore important to be able to recognize and support exhausted caregivers in order to limit attrition in studies involving AD patients. For example, home assistance could be offered in order to reduce the caregiver burden. It has been suggested that caregivers play an important role in decision making regarding patient care, for example regarding medication use [33, 34] , yet attrition prevention strategies have generally not been targeted towards caregivers [35] . It is important to convince the caregiver of the importance of regular medical care and attention for the patient. Even if the objective of natural history studies of AD is not to bring about a direct therapeutic benefit, regular medical assessment is likely to improve the overall management of the disease, thus providing potential benefits for both the patient and the caregiver. Attention should be paid to ensure that caregivers understand the benefits of taking part in such studies for both themselves and the AD patient.
In a recent systematic review of attrition in large population-based studies (i.e. not specifically focused on AD) Chatfield et al. [4] noted that in multivariate analyses, increasing age and poor cognitive performance were the only factors consistently associated with preventable at-trition (i.e. all types of attrition excluding death), but neither of these factors remained significant in our multivariate model. Our results may indicate that above a certain level of cognitive impairment, differences in the cognitive performance between patients may not affect attrition.
We have only identified one other study which has specifically analyzed factors associated with attrition in a cohort of AD patients in multivariate analyses. In this study, Koss et al. [10] reported three factors associated with attrition: non-white status, patients' spouse not enrolled in the study as a control, and inadequate involvement by the study site, but we did not assess these factors in our study as they were either not relevant or not available (due to national ethical guidelines). However, as in our study, patient age, level of education, and cognitive status were not associated with attrition.
We included death in our definition of attrition because our first objective was to identify subjects with missing data, whatever the cause. However, some authors exclude death as a cause of attrition. It is important to establish the factors associated with preventable attrition (i.e. all causes of attrition excluding death), and so we performed a sensitivity analysis using a multivariate model to establish predictive factors of preventable attrition in our study. The results were stable compared to the multivariate model presented above, except that caregiver status and living arrangements were no longer predictive of attrition (data not shown).
This study was an exploratory investigation into the causes of attrition and may have some limitations. Our population is probably unrepresentative of the entire AD population, because the patients included in our study had a diagnosis of probable AD, and had been referred to an AD expert center.
Our results are largely dependent upon the definition of attrition used. Moreover, we only considered baseline factors as possible determinants of attrition and did not take into account the fact that some of these factors (e.g. caregiver burden, cognitive status) may have changed during the follow-up period.
Other studies have considered determinants of refusal, both before and during studies, rather than determinants of total attrition [36, 37] . We could have examined subgroups of attrition, such as refusal, but our investigation was limited by the number of participants in our study.
Despite these limitations, this study of attrition is useful because the REAL.FR study involves one of the largest cohorts of AD patients so far studied, in which determinants of attrition have seldom been studied. Furthermore, this study is the first to examine caregiver characteristics as factors associated with attrition.
Conclusion
Long-term prognostic studies are necessary in order to improve our understanding of chronic diseases such as AD. Attrition may threaten the validity and generalizability of such studies, meaning that it is important to minimize dropouts. The identification of subjects who are at greater risk of dropping out is essential so that they can be specifically targeted by attrition prevention strategies, and closely monitored throughout the study. Caregiver factors, as well as those related to patients and study design may all influence attrition. Thus, particular attention should be paid to caregiver well-being to improve attrition.
